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TRPV4 Channels in Mouse Skeletal Muscle: Gene Expression, Role
for Ca2D Homeostasis and Muscle Force and Fatigue
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Saskia Teucher1, Wolfgang Liedtke2, Heinrich Brinkmeier1.
1Institute of Pathophysiology, University of Greifswald, Greifswald, Germany,
2Duke University, Center for Translational Neuroscience, Durham, NC, USA.
The cation channel TRPV4 is one of the most abundant TRP channels in mouse
skeletal muscle. Here, we investigated the contribution of TRPV4 to Ca2þ ho-
meostasis, muscle force and fatigue. For this we used muscles of wildtype
(WT) and TRPV4-/- mice. To estimate background Ca2þ influx we applied the
Mn2þ quench technique. Muscle force was tested on isolated soleus muscles.
Gene expression was analyzed by RT-PCR and data normalized to that of 18s
rRNA. In WT fibers application of 4a-PDD, a TRPV4 activator, caused an in-
crease in the Mn2þ quench rate of about 45 % (4.275 0.24 %/min vs. 6.285
0.39 %/min, p<0.01). This effect was completely absent in TRPV4-/- fibers.
However, basic quench was not reduced in TRPV4 deficient fibers. Decay
timeofKCl inducedCa2þ-transientswas increased inWTfibers after application
of 4-aPDD (from 4.465 0.2 s, n=67 to 5.925 0.28 s, n=23, p < 0.01). This
effect was likewise not observed in fibers of TRPV4-/- animals. Muscle fatigue
was attenuated in the presence of 4a-PDD, an effect which was not observed
in muscles of TRPV4-/- mice. No difference between TRPV4-/- andWT animals
was seen in wire hang test. Gene expression analysis showed that TRPV4 and
TRPV2were themost abundant TRPV channels inmuscle, theirmRNAconcen-
tration being about 5-fold higher in soleus muscle that in fast twitch EDL. In so-
leus muscles of TRPV4-/- mice TRPV2 mRNA was significantly increased. We
conclude that TRPV4 is functionally expressed in mouse skeletal muscle, con-
tributes to background calcium entry and can modulate Ca2þ transients.
TRPV4 activity can attenuate fatigue, but its lack does not affect gross motor
skills. TRPV4 knockout causes a compensatory upregulation of TRPV2.
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The transient receptor potential channel, subfamily V, member 6 (TRPV6), is
strongly expressed in advanced prostate cancer and significantly correlates with
the Gleason >7 grading, being undetectable in healthy and benign prostate tis-
sues. However, the role of TRPV6 as a highly Ca2þ-selective channel in pros-
tate carcinogenesis remains poorly understood. Here, we report that TRPV6 is
directly involved in the control of prostate cancer cells proliferation by decreas-
ing the proliferation rate, cell accumulation in the S-phase of cell cycle and pro-
liferating cell nuclear antigen (PCNA) expression. We demonstrate that the
Ca2þ uptake into prostate cancer cells is mediated by TRPV6, with the subse-
quent downstream activation of the transcription factor nuclear factor of acti-
vated T-cell. TRPV6- mediated Ca2þ entry is also involved in apoptosis
resistance of prostate cancer cells. One of the mechanisms by which TRPV6
regulates apoptosis is related to the translocation of channel to the plasma mem-
brane. We conclude that the upregulation of TRPV6 channel in prostate cancer
cells may represent a mechanism for maintaining a higher proliferation rate, in-
creasing cell survival and apoptosis resistance as well.
1742-Pos Board B512
Molecular Mechanisms of Calmodulin Regulation of TRPV6
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Transient Receptor PotentialVanilloid 6 (TRPV6) is an epithelial Ca2þ channel
that is responsible for active Ca2þ absorption in the intestines.We have recently
demonstrated that this channel is activated directly by phosphatidylinositol 4, 5-
bisphosphate (PIP2) and that cytoplasmicATP stimulates TRPV6 channel activ-
ity indirectly by providing substrates for lipid kinases and the generation of PIP2.
TRPV6 undergoes Ca2þ-induced inactivation, preventing toxic Ca2þ overload
of the cell. This inactivation has been shown to be mediated both by Ca2þ-cal-
modulin (CaM) and depletion of PIP2. In this current study, we investigated how
Ca2þ-CaM inhibits channel activity upon increased cytoplasmic Ca2þ concen-
tration. First we found that in excised inside-out patch-clamp measurements,
Ca2þ-CaM inhibited TRPV6 activity that was stimulated by dic8-PIP2. Further,
we confirmed that CaM binding site was located in the distal C-terminus of hu-
man TRPV6 using an in vitro CaM-binding assay. We found that the C-terminal
region binds to CaM in a Ca2þ-dependent manner. This was observed on the
full-length TRPV6 protein, transiently expressed in HEK293 cells, and maltase
binding protein (MBP)-fusion fragments that were expressed in E. coli cells. De-
letion of the distal C-terminal region about 30 amino acid residues diminishedCaM binding to TRPV6. We also found that two highly conserved amino acid
residues in this region were responsible for interacting with CaM. Mutation at
these sites dramatically inhibited CaM binding to the full-length human
TRPV6 proteins expressed in HEK293 cells. Our findings indicate the distinct
binding site for CaM-TRPV6 interaction, which may be implicated in the spe-
cific channel inactivation.
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TRPM2 is a Ca2þ permeable cation channel involved in physiological and
pathophysiological processes linked to oxidative stress. TRPM2 channels are
co-activated by intracellular Ca2þ and ADP ribose (ADPR). ADPR binds to
the C-terminal NUDT9-H domain, which shows high sequence similarity to
the mitochondrial ADPR hydrolase NUDT9. However, the mechanism by
which ADPR binding/hydrolysis regulates TRPM2 channel gating is unclear.
To investigate this mechanism, we designed mutations in the NUDT9-H do-
main expected to alter ADPR binding affinity or ADPRase activity based on
a crystal structure of NUDT9. The effects of the mutations on TRPM2 channel
gating were tested in inside-out patch recordings.
To impair binding of the adenine base, mutationsM1286A and N1345A remove
side chains which in NUDT9 contact the adenine base. To facilitate binding,
S1391M reconstructs such a side chain. By restoring a hydrogen bond to the
2’-OH group Y1349D might facilitate binding of the distal ribose, while
H1488Amight impair it by removing a hydrogen-bond to the 3’-OH group.Mu-
tants Y1485F and R1433A, respectively, remove a hydrogen bond and a salt
bridge to the b-phosphate, expectedly impairingADPR binding. An opposite ef-
fect is expected from L1379R which recreates a salt bridge to the b-phosphate.
To enhance catalysis, I1405E recreates the side chain which coordinates Mg2þ
in NUDT9. Finally, we tested whether D1468might act as the catalytic base if
so ADPRase activity should be abolished in D1468A mutant.
All mutants formed functional channels. To assay for possible effects on ligand
binding and closing rate, we determinted apparent affinities for ADPR and cur-
rent decay rates upon ADPR removal. Neither was dramatically altered by any
of the mutations. We conclude that ADPR hydrolysis is either not required or
not rate limiting for channel closure.
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Zinc ion (Zn2þ) is an endogenous allostericmodulator that regulates the activity
of a wide variety of ion channels in a reversible and concentration-dependent
fashion. Here we used patch-clamp recording to study the effects of Zn2þ on
the TRPM2 channel. Zn2þ inhibited the human (h) TRPM2 channel currents,
and the steady-state inhibition was largely not reversed upon washout and
concentration-independent in the range of 30-1000 mM, suggesting that Zn2þ
induces channel inactivation. Zn2þ inactivated the channels fully when they
conducted inward currents, but only by half when they passed outward currents,
indicating profound influence of the permeant ion on Zn2þ-inactivation. Ala-
nine substitution scanning mutagenesis of twenty Zn2þ-interacting candidate
residues in the outer pore region of the hTRPM2 channel showed that mutation
of Lys952 in the extracellular end of the fifth transmembrane segment and
Asp1002 in the large turret strongly attenuated or abolished Zn2þ-inactivation,
and mutation of several other residues dramatically changed the inactivation ki-
netics. The mouse (m) TRPM2 channels were also inactivated by Zn2þ but the
kineticswere remarkably slower. Reciprocalmutation ofHis995 in the hTRPM2
channel and the equivalent Gln992 in the mTRPM2 channel completely swap-
ped the kinetics, but no such opposing effects resulted from exchanging another
pair of species-specific residuesArg961/Ser958.We conclude from these results
that Zn2þ inactivates the TRPM2 channels and residues in the outer pore are
critical determinants of the inactivation.
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The sulfonylurea receptor SUR1, of the ABC protein superfamily, associates
with inward-rectifying K channel subunits Kir6.2 or Kir6.1 to form KATP chan-
nels, which link metabolism to electrical activity in multiple cell types. The
